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ENERVATION of the biceps muscle is an inevitable
consequence of severe upper root or trunk injuries
of the brachial plexus. These high nerve injuries re-

sult in challenging reconstructive issues for the surgeon.
The relatively slow rate of peripheral nerve regeneration
and the inexorable pace of motor endplate loss create phys-
iological limitations to restoring extremity function using
high nerve anatomical reconstruction.3 Avulsion injuries
can be addressed with nerve transfers in the hopes of restor-
ing biceps muscle function. Using the nerve transfer tech-
nique the surgeon attempts to avoid the distance and time
constraints on anatomical reconstruction by transferring
distal donor motor or sensory axons to injured nerves close
to the affected end organs. In the current patient series, me-
dian nerve fascicles were transferred to the motor branch of
the musculocutaneous nerve. This procedure is a modifica-

tion of the traditional technique of Oberlin,9 which uses fas-
cicles from the ulnar nerve to reinnervate the biceps muscle.

Clinical Material and Methods 

Patient Population

This study consisted of 40 consecutive patients who had
suffered C5–6 brachial plexus root avulsion injuries within
a 5-year period. The median nerve was intact in all patients
despite these injuries. Twenty-three of the patients had left-
sided injuries, and 17 had right-sided injuries. Twenty-four
patients were men, and the average age of all patients was
24.2 years (range 0.83–54 years). The British MRC Grad-
ing Scale was used to standardize the measurement of bi-
ceps muscle strength by assigning a numeric value from 0
(total paralysis) to 5 (normal strength) to characterize mus-
cle movement.

The same experienced brachial plexus surgeon (R.K.N.)
evaluated and performed surgery in all patients. Initial ex-
aminations by the surgeon were conducted an average of
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Object. Loss of biceps muscle function is a significant disability after brachial plexus root avulsion injuries. Nerve
grafting techniques to reestablish anatomical and functional continuity between the spinal cord and the avulsed root
have not proven successful. Using nerve transfers for functional restoration of root avulsion injuries appears to be effec-
tive and has physiological advantages for reducing regeneration distances. Since the early 1990s, the Oberlin technique
of transferring ulnar nerve fascicles to the motor branch of the musculocutaneous nerve has been the preferred opera-
tive technique for reinnervation and restoration of biceps muscle function. In the current study the authors examine the
efficacy of an alternative technique using median nerve fascicles transferred to the musculocutaneous nerve to reinner-
vate the biceps muscle.

Methods. Forty consecutive patients with combined C5–6 brachial plexus root avulsions were evaluated pre- and
postoperatively according to the British Medical Research Council Motor Grading Scale. Personal interviews concern-
ing quality of life (QOL) after surgery were conducted and scored based on standards set by the World Health Organi-
zation. All patients showed some degree of improvement in biceps muscle function. Thirty-six (90%) of the 40 patients
regained movement against gravity. The patients had a 77% improvement in overall QOL after the surgery; most
notably, 92% of the patients reported their lack of need for medication and 75% a significant lessening of postopera-
tive pain. Redirection of part of the healthy median nerve resulted in no measurable functional deficits, and only 28 pa-
tients reported minor sensory disturbances in the first web space for an average of 3 months after surgery. 

Conclusions. Median nerve fascicle transfer resulted in a significant improvement in biceps muscle function with an
acceptable level of morbidity and should be considered an effective, and in many cases preferable, alternative to ulnar
nerve fascicle transfer.
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ery of MRC Grade 2 with return of movement at the joint
but no ability to overcome gravity, and the other two pa-
tients achieved biceps muscle recovery categorized as MRC
Grade 3, movement against gravity without added resis-
tance. The average overall improvement in biceps muscle
function in all patients was an increase of four MRC grades.
A concomitant overall improvement of 3.5 MRC grades
was observed in deltoid muscle function (Table 2). 

Maximum postoperative functional recovery in this type
of surgery is reached before 2 years, due to the loss of an
adult muscle’s ability to reinnervate after 15 to 18 months
of paralysis. It took an average of 9.7 months (range 1–24
months) for the 36 patients in this study to reach maximum
recovery (MRC Grade 4). These patients began to notice
the first recovery of biceps muscle movement and improve-
ment after an average of 4 months (range 1–12 months) af-
ter surgery.

A decline in biceps muscle return was evident after sur-
gical delays longer than 7 months (Fig. 2). The four pa-
tients with the least return of muscle function averaged 8.5
months between injury and surgery, compared with an aver-
age of 4.8 months in those with an MRC Grade 4 recovery.

Rerouting a portion of the healthy median nerve did not
appear to result in a loss of function as long as fascicle se-
lection was performed meticulously and with careful at-
tention to choosing predominantly pronator fascicle groups.
This meticulousness also improved forearm balance by
more closely matching already weak supination strength
due to biceps muscle loss. In 28 cases, patients reported par-
esthesia in the first web space, which was short-lived, last-
ing an average of 3 months after surgery. No infection or
other complication was noted, and all patients had an un-
eventful hospital stay and recovery.

Responses to the World Health Organization question-
naire were positive. The average increase in scores for all 11
facets was 3.88, or a “good amount” of improvement. Sta-
tistical analysis performed using the Wilcoxon signed-rank
test indicated significance with all probability values less
than 0.001. The patients had a 77% improvement in overall
QOL after the surgery. The majority of patients (92%) re-
ported a lack of dependence on medications, and 75% a sig-
nificant lessening of postoperative pain. Overall the least
amount of satisfaction (3.24 score) in the patients after sur-
gery was the acceptance of bodily appearance. Although
biceps muscle function returned in most patients, muscle
atrophy was still present to some degree and caused asym-
metry with the unaffected limb. Only two patients contin-
ued to have complaints of pain. Four of the 40 patients were
unsatisfied with their capacity for work and ability to per-
form daily activities. 

Discussion 

Nerve transfer to peripheral nerves injured at proximal
levels seeks to maximize functional outcome by decreasing
the distance and time elements of neural regeneration, and
by increasing specificity of donor inflow. Nerve transfers
are thus attempted to convert high nerve injuries into low
nerve injuries.4,6,10

Advantages of Using the Nerve Transfer Technique

Preservation of Muscle Structure. After 15 to 18 months of
denervation, skeletal muscle becomes refractory to reinner-
vation.11 This time constraint is the primary consideration in
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TABLE 1
Preoperative and postoperative MRC scoring of biceps

muscle function in 40 patients with median nerve fascicle
transfer to the motor branch of the musculocutaneous nerve*

MRC Grade
Time Elapsed

Case Preop Mallet Postop Mallet Before
No. Age (yrs) Biceps Strength Biceps Strength Op (mos)

1 31 0 4 4
2 20 0 4 6
3 22 0 3 9
4 25 0 4 4
5 0.83 1 4 7
6 30 0 4 3
7 24 0 4 6
8 19 0 4 6
9 14 0 4 3

10 22 0 4 5
11 24 0 4 4
12 31 0 4 7
13 20 1 4 5
14 22 0 4 5
15 25 0 4 4
16 19 0 4 2
17 54 0 4 4
18 22 1 4 4
19 25 0 4 3
20 21 0 3 8
21 18 0 4 5
22 20 0 4 6
23 25 0 4 9
24 22 0 4 4
25 22 0 2 8
26 19 0 4 5
27 40 0 4 6
28 23 1 4 5
29 20 0 4 4
30 28 0 4 5
31 32 0 4 9
32 25 1 4 4
33 37 0 4 4
34 29 0 2 9
35 33 0 4 2
36 24 0 4 8
37 17 0 4 5
38 26 0 4 5
39 24 0 4 5
40 21 0 4 3

* For all patients, the mode of trauma was a motor vehicle accident.

TABLE 2
Preoperative and postoperative MRC scoring

of 40 patients with median nerve fascicle transfer
to the motor branch of the musculocutaneous nerve*

Median MRC 
Functional Grade

Variable Preop Postop

deltoid muscle 0.0 3.5
biceps muscle 0.0 4.0
global score (sum) 0.0 7.5

* Preoperative–postoperative comparisons in which the Wilcoxon signed-
rank test was used were statistically significant (p , 0.001).
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